To investigate the potential of extensive net cage culture for Nile tilapia (Oreochromis niloticus) fingerlings, an experiment was conducted in net cages suspended in a fertilized pond. Mixed-sex population of Nile tilapia with an average initial body weight of 0.065 g was used to stock in experimental cages. Four treatments; non added-substrate without supplemental feeding (NSNF), non added-substrate with supplemental feeding (NSAF), added-substrate without supplemental feeding (ASNF), and added-substrate with supplemental feeding (ASAF) were tested. The results indicated that addition of substrates which gave an additional submerged surface area of approximately equal to the total cage surface area did not show significant effect on the growth (p > 0.05). The fish gross yield obtained from non added-substrate cages without supplemental feeding was 1.22 kg/m 3 for a 56-day period.
Introduction
Studies have shown that adding artificial substrates for periphyton growth in pondbased culture systems can increase the production of some cultured species (Hem and Avit, 1994; Wahab et al., 1999; Ramesh et al., 1999; Azim et al., 2001a; Azim et al., 2001b; Keshavanath et al., 2001a; Keshavanath et al., 2004) . Consequently, the provision of substrates could reduce the need for supplemental feeding and that substrates had positive effect on fish survival (Keshavanath et al., 2002) . More specifically, periphyton may be an alternative or a complement for supplementary feed in fingerling production (Keshavanath et al., 2004) . However, most previous studies were conducted in aquaculture pond systems, while those few studies that were conducted in cage conditions still have some recommendations for further studies (Huchette et al., 2000; Huchette and Beveridge, 2003) .
Even though experiments have demonstrated that fish production from ponds having periphyton substrates is higher than that from substrate-free controls (Hem and Avit, 1994; Wahab et al., 1999; Keshavanath et al., 2001b; Azim et al., 2002a; Azim et al., 2002b) , production results with tilapia in periphyton systems have been mixed (Keshavanath et al., 2004) . High production was reported in acadja systems in West Africa with blackchin tilapia (Sarotherodon melanotheron; Hem and Avit, 1994) , but no significant effect of periphyton was found in an experimental Our Nature (2012) 10: 61-70 system with Nile tilapia (Oreochromis niloticus; Shrestha and Knud-Hansen, 1994; Norberg, 1999) . Uddin (2007) noted that the addition of periphyton substrates resulted in higher Nile tilapia production. However, these are all the results from pond-based systems. In addition to grazing on phytoplankton they feed on benthic and attached algal and detritus (Bowen, 1981; , therefore a wide range of feeding habits and sources of food availability in pond systems may lead to mixed production results of tilapias. Moreover, the previous studies of periphyton-based cage culture concerned grow-out production, which seems to require higher periphyton production in each culture unit in comparison with early or even advanced nursing in cages. Consequently, it remains to be demonstrated whether periphyton grazing is a significant and cost effective means of increasing the food supply for the production of tilapia fry and fingerling stages in cages (Huchette et al., 2000) .
In Thailand, the demand for Nile tilapia fingerlings is increasing along with the use of cage culture; however, the supply of adequately sized fingerlings tends to be a major constraint. Many cage farms now prefer to be stocked by larger sized fingerlings as their shortened grow-out period means lower feed costs and less susceptibility to adverse culture environment risks. To supply this demand, many farm ponds are being used to raise Nile tilapia fingerlings at the nursing stage; however, problems have been encountered over the quality and size variations of the fingerlings as well the high levels of mortality due to harvesting techniques. To address the issues of quality and size and thus improve the efficiency of these nursing systems, the use of net cages with added substrates in nutrient enriched water is of interest. If the addition of artificial substrates in cages can increase growth when compared to free-substrate controls, it would be an alternative choice for fingerling production. Furthermore, if daily feeding is considered a laborious management practice in fish fry nursing, then a substrate-based cage system would be more practical. However, the use of net cage culture in nutrient enriched ponds or other water bodies would be both eco-friendly and a low-cost aquaculture technique.
Therefore, the purpose of this study was to determine the growth performances of Nile tilapia fingerlings cultured in net cages suspended in nutrient-enriched pond under different management practices.
Materials and methods
The experiment was carried out during February to April 2010 at the Nong Khai Campus of Khon Kaen University in Thailand's Nong Khai province. Square net cages made of blue nylon netting with a 1-mm mesh size and measuring 1 x 1 x 1.2 m, were used as experimental units. The submerged volume of each cage was 1 m 3 . All were suspended from a bamboo structure in a 400-m 2 fertilized fish pond. Added-substrates cages were provided with bamboo poles (mean diameter 5 cm, length 50 cm) which were hung and suspended vertically into the cages, at a total density of 13 poles per cage, and which give an additional submerged surface area approximately equal to the total cage surface area.
Prior to the experiment, the pond was renovated, and all larger aquatic animals were eradicated by frequent netting. It was then treated with lime (CaCO 3 ) at the rate of 250 kg/ha. After 1 week of liming, it was then fertilized with cow manure, urea and triple super phosphate (TSP) at the rate of 2000, 100 and 100 kg/ha (80, 4, and 4 kg per 400 m 2 -pond), respectively. It continued thereafter to be fertilized at fortnightly intervals at a half of the initial rate (40, 2 and 2 kg per pond). The cow manure was applied at the four corners of the pond, while the urea and TSP were soaked together with water for 6 hours and then spread over the water surface. On the same day of the first fertilization, bamboo poles were suspended into the added-substrate cages. The cages were left for 10 days to allow plankton development in the water column and periphyton growth on bamboo poles, and the stocked with the fish.
Four treatments; non added-substrate without supplemental feeding (NSNF), non added-substrate with supplemental feeding (NSAF), added-substrate without supplemental feeding (ASNF), and addedsubstrate with supplemental feeding (ASAF) were tested. A mixed-sex population of Nile tilapia, O. niloticus fries (individual weight 0.065 g) were stocked at 500 fish per cage (1 m 3 ). Each treatment was tested in triplicate. Experimental fish were stocked after 10 days of substrate installation, and fish from all treatments were harvested after 56 days. Supplementary feed was a 2:1 ratio mixture of local rice bran and fish meal. Crude protein content of the mixture was analyzed (AOAC, 2005) and the average value was 27.7%. Supplementary feed was manually delivered 2 times, 09:00 and 16.00 h daily at 10% body weight of the fish throughout the experimental period. The feed was adjusted biweekly based on the bulk weight of the fish estimated from a sample of 25 individuals.
All the fish were weighed at the beginning and end of the experiment. The final average weight (g) of the individual fish in each cage was estimated by dividing the total final biomass in the cage by the number of survivors. Total weight increments (net yield) were estimated by deducting the biomass stocked from the biomass harvested and was expressed as kg/m 3 . The specific growth rate (%/d) was calculated as: (lnW 2 -lnW 1 )/t x 100, where W 1 is the initial live body weight (g), W 2 is the final live body weight (g) and t is the time in days. Survival rate (%) was calculated as: (no. of fish harvested/no. of fish stocked) x 100.
The water quality in the experimental cages and pond was monitored fortnightly between 09:00 and 10:00 h on each sampling day with the water temperature and dissolved oxygen (YSI model 52), and pH and conductivity (Hach model sension 5) being recorded. Water samples from the experimental cages and pond were collected fortnightly and analyzed for chlorophyll a (acetone extraction), total ammonia nitrogen (phenate method), nitrite-N (diazotization), nitrate (cadmium reduction and diazotization), soluble reactive phosphorus (ascorbic acid method) and total phosphorous (persulfate digestion and ascorbic acid finish) according to Standard Methods for the Examination of Water and Wastewater (APHA, 1989) . Total alkalinity and total hardness from the experimental cages were measured at monthly intervals (APHA, 1989) .
After 10 days of substrate installation, periphyton samples were collected and thereafter continued to be taken at fortnightly intervals. For each sampling time, one pole from each cage was selected randomly. From each pole, one sample (a 10 x10 cm-band of periphyton) was taken at the middle depth (50 cm beneath water surface) for dry matter and ash-free dry matter contents analyses. After collection of the periphyton samples, the poles were returned to their original position and marked so that sampled poles were always excluded from subsequent samples. Dry matter (DM) was determined by drying the samples overnight at 105 °C to a constant weight, upon which ash content was determined using a muffle furnace (4 h at 540 °C). The final weight of the crucible along with the remains was weighed for calculation of the ash and ash-free dry matter (AFDM).
The data on final mean weight, specific growth rate and survival rate were compared using analysis of variances (ANOVA) and Tukey-HSD test. The assumptions of normal distribution and homogeneity of the variances were checked before analyses. The differences were considered statistically significant at an alpha level of 0.05. Variations of treatment means are presented in "mean ± standard deviation". Table 1 shows growth and survival of Nile tilapia from all treatments for a 56-d nursing period of the experiment. Survival was not significantly different among treatments (p > 0.05), and was higher than 83%. Adding substrates did not affect on growth (p > 0.05), while supplementary feed showed significant effect on growth (p < 0.05). The higher specific growth rate of the fish obtained from cages provided with supplementary feed but no significant difference was observed between added and non-added substrate cages. Fish yields were significantly higher in cages provided with feed either with substrate or without substrate (p < 0.05).
Results
There was no significant difference in periphyton biomass (DM or AFDM) between ASNF and ASAF treatments for each sampling day (p > 0.05). Periphyton biomass tended to decrease rapidly after fish stocking and then after the 2nd week of experiment was relatively stable and less likely to fluctuate ( Fig. 1 and 2 ). Periphyton biomass in dry matter or ash free dry matter of ASNF and ASAF treatments decreased significantly after fish stocking (p < 0.05). The average dry matter periphyton of the two treatments before, and two weeks after, fish stocking were approximately 0.622 and 0.286 mg/cm 2 , respectively. Average periphyton dry matter or as free dry matter between ASNF and ASAF treatments throughout the culture period was not significantly different (p > 0.05). The average values are summarized and given in Table 2 .
The water quality parameters measured during the experiment were summarized and given in table 3. For each water quality parameter, there was no significant difference between treatments and open pond water during experiment. Average chlorophyll a concentrations measured in cages of all treatments tended to increase after the 2nd week of the experiment (Fig.  3) . The average chlorophyll a concentration measured in cages was 131.56±103.70 µg/L Discussion All the water quality parameters in experiment were within the acceptable ranges, as recommended for tropical aquaculture (Boyd, 1982; Boyd and Tucker, 1992; Beveridge, 1996) . There was no interaction effect between the addition of substrates and supplementary feed on the growth parameters of the fingerlings. The addition of substrates alone did not show significant effect on the growth, while supplementary feeding could improve growth of the fish in added or non-added substrate cages. The results indicate that periphyton production can not replace or complement supplemental feeding in net cage culture system. This finding is different from a study on the effects of bamboo substrates and supplemental feeding on the growth and production of hybrid red tilapia fingerlings which was conducted in ponds. In that experiment it was found that periphyton could replace or complement supplemental feeding in tilapia fingerling culture (Keshavanath et al., 2004) . In the present study, the survival rates of the fish from all treatments ranged from 83 -96% which was higher than that of a previous study by Little et al. (2003) on advanced nursing of mixed-sex and monosex tilapia fry in hapas. In that experiment, the survival rates among all of the treatment groups ranged from 69 -86%. Additionally, that study found that the specific growth rate of Nile tilapia fry (initial mean weight 0.13g) raised in hapas suspended in fertilized pond at a stocking density of 150 fish/m 2 with supplementary feeds (a mixture of layer-duck concentrate manufactured by Charoen Pokphand Co. and fine rice bran, 2: 1 ratio by volume) at 5% daily ration for a 2-month period was 6.2%/day (Little et al., 2003) . While, a higher specific growth rate (6.82 %/day) was obtained from NSNF treatment in the present study.
However the use of periphyton in aquaculture is based on the finding that many herbivorous fish prefer feeding on benthic, epilithic or periphytic algae, rather than on small phytoplankton (Horn, 1989; van Dam et al., 2002) . Beveridge and Baird (2000) have shown that Nile tilapia is a periphyton grazer although tilapias have been primarily described as filter feeders on phytoplankton (Moriarty and Moriarty, 1973; Bocci, 1999) . Stomach content analysis of tilapias grown in cages in the Meghna River showed that they were both filter feeders and grazers (Hutchette et al., 2000) . The proportion of each feeding mode was difficult to determine, but a visual estimate of gut contents suggested a higher contribution from periphyton (Huchette and Beveridge, 2003 ). However, a filter feeding mechanism can occur naturally during fish respiration whilst the intake of supplementary feed or periphyton is rather selective feeding. Therefore, when filter feeding can serve their nutritional requirements, then the fish will not feed selectively on other food sources.
The results from an earlier periphytonbased cage experiment showed that the average AFDM of periphyton in the uppermost 50 cm of the water column was 0.36 mg/cm 2 (Huchette and Beveridge, 2003) . This value is high when compared to the average periphyton AFDM throughout the culture period in the present study of 0.12 mg/cm 2 . However, when the periphyton biomass in the present study of 0.24 mg/cm 2 before fish stocking is considered, a significant decrease in periphyton biomass after fish stocking indicated that the fish consumed periphyton, while no significant difference in periphyton biomass between ASNF and ASAF treatments for each sampling day may indicate the same grazing rate for both groups of the fish. But no significant difference in growth performances was observed among the treatments, were provided with substrate or not indicating that addition of substrate at approximately equal to cage surface area was not sufficient for significantly increasing in periphyton production. Because the ash (10 -19%), protein (23 -26%) and energy (19 -20 KJ/g) contents of the estimated periphyton can be considered as broadly appropriate to fish dietary needs (Azim et al., 2002b) . While crude protein content of the supplementary feed in the present study was approximately 27.7%.
Yields obtained in extensive cage aquaculture in the Philippines range from 0.05 to 1.25 kg/m 3 /month without input (Beveridge, 1996) , and are in agreement with a study on technical and economical evaluation of periphyton-based cage culture of tilapia (Oreochromis niloticus) in tropical freshwater cages which gave yields of 0.12 to 0.24 kg/m 3 /month (Huchette and Beveridge, 2003) . The fish gross yields obtained from NSNF treatment in the present study was 1.22 kg/m 3 for the 56-day period, which is equivalent to 0.61 kg/m 3 /month. The values were higher than those of the previous studies. Even the difference was clearly due to different growth phase of the experimental fish. However, the results show the potential use of extensive cage net cage culture in nutrient-enriched water bodies; e.g. aquaculture ponds, communal water bodies and nutrient-enriched lakes; particularly for Nile tilapia fingerling production. Base on the results, it may be concluded that adding substrates, which give an additional submerged surface area approximately equal to the total cage surface area is not sufficient for periphyton production, and for good growth of Nile tilapia fingerling net cage culture system. And even supplementary feeding gave a higher yield when compared to no feeding cages, but either provision of substrates or supplementary feed could lead to higher production cost. In the present study, final weight of the fish from all treatments ranged from 2.8 -5.2 g, and this final weight is not likely to affect market price of the fingerlings. In the present study, initial stocking density of the fish was 500 fish/m 3 ; however, reducing fish density may increase growth of the fish. Because the availability of natural food could decrease at the high fish densities and possibly result in nutrition deficiencies (Coulibaly et al., 2007) . In conclusion, an extensive net cage culture in nutrient-enriched pond shows a high potential in early nursing of Nile tilapia. materials, equipments and research facilities. The author also thanks Mr. Punya Dachrat and Miss. Nisarat Tippayadara, School of Sciences and Technology, Nong Khai Campus, Khon Kaen University, for their excellent technical assistances during the course of the experiment.
